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(54) ACCELERATION SENSOR 

(57)Abstract 

PURPOSE: To provide an acceleration sensor whose detection 
sensitivity can be enhanced, which can be made small-sized and 
whose production efficiency can be enhanced sharply. 
CONSTITUTION: In an acceleration sensor, one pair of piezoelectric 
ceramic sheets 4 which have been formed into strip shapes and in 
which signal extraction electrodes 2 and intermediate electrodes 3 
have been formed on respective main surfaces are provided, and 
both end edges along the lengthwise direction of a bimorph-type 
detection element 1 integrated by bonding opposite faces of the 
intermediate electrodes 3 on the piezoelectric ceramic sheets 4 are 
fixed and supported. In the acceleration sensor, respective length- 
direction regions on the piezoelectric ceramic sheets 4 are divided 
into three parts 4a, 4b by boundary lines L in which a stress 
generated by the action of an acceleration G is changed, the central 
part 4a and the end parts 4b are polarized according to direction (A, 
B and C, D) which are mutually reversed along the sheet- thickness 
direction, and the polarizing directions (A, C and B, D) in the central 
part 4a and the end parts 4b in the piezoelectric ceramic sheets 4 
are made mutually different. 
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* NOTICES * 
JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] After considering as the shape of both rectangle, it has the 
piezo-electric ceramic plate of a pair on the front face of main (4) 
with which the signal fetch electrode (2) and the bipolar electrode (3) 
were formed upwards, respectively. And it is the acceleration sensor of 
the structure which comes to carry out fixed support of the both-ends 
edge in alignment with the longitudinal direction of the bimorph mold 
sensing element (1) which carried out confrontation junction of the 
bipolar electrodes (3) on a these piezo-electricity ceramic plate (4), 
and was unified. Piezo-electric ceramic plate (4) While classifying into 
three parts (4a, 4b) classified according to the boundary line (L) from 
which the stress generated with each longitudinal direction field to an 
operation of acceleration (G) changes While the central part (4a) and 
each edge part (4b), are polarized according to the sense (A, B, C, D) 
which becomes reverse mutually, meeting in the direction of board 
thickness The acceleration sensor characterized by changing the sense (A, 
C, B, D) of polarization in the central part (4a) and edge parts (4b) of 
a both piezo-electricity ceramic plate (4) mutually. 



[Translation done. ] 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 




DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an acceleration 
sensor and relates to the structure of the bimorph mold sensing element 
used in detail in case this is constituted. 
[0002] 

[Description of the Prior Art] There are some which consisted of the 
former by including a piezoelectric component in the inside of an 
acceleration sensor, and it is common as this kind of a piezoelectric 
component to use the bimorph mold sensing element (henceforth a sensing 
element) 10 called doubly-supported beam structure as shown by drawing 
3 . It has the piezo-electric ceramic plate 13 of a pair with which the 
signal fetch electrode 11 and the bipolar electrode 12 were formed 
upwards, after [ namely, ] this sensing element 10 is made [ both ] into 
the shape of a rectangle — each main front face — And these are 
unified by confrontation junction of bipolar electrode 12 comrades, and 
according to the sense (arrow heads X and Y show by a diagram) which 
becomes reverse mutually, polarization of it is carried out to the other 
side, each of the piezo-electric ceramic plate 13 meeting in the 
direction of board thickness. 

[0003] And fixed support of the both-ends edge in alignment with the 
longitudinal direction of this sensing element 10 is carried out with 
the pinching components 14 of a pair which became side view "K0" 
typeface-like, the case components (not shown) with which each of the 
signal fetch electrode 11 formed on each piezo-electric ceramic plate 13 
was attached in the pinching components 14 and these vertical locations 
— it connects to each different each of the external drawer electrodes 
15 and 16 formed for every end face. In addition, the pinching 
components 14 are made into the above-mentioned configuration for 
securing the bending cost of the sensing element 10 which deforms with 
the inertial force accompanying an operation of this acceleration G, 
when acceleration G acts to these pinching components 14 and the whole 
case component. 

[0004] On the other hand, in recent years, since much more 
miniaturization is demanded to the acceleration sensor, it will be 
necessary to also attain the miniaturization of the sensing element 
itself. However, in having miniaturized the sensing element 10 of 
doubly-supported beam structure as it was, as a result of the 



deformation at the time of an operation of acceleration G becoming small 
and the yield of the charge by this deformation becoming small too much, 
the sharp fall of detection sensitivity will be caused. So, when the 
acceleration G of the same magnitude acts, constituting the high 
acceleration sensor of detection sensitivity using the sensing element 
20 made into the cantilever structure which may deform more greatly, for 
example, structure as shown by drawing 4 , has come to be performed. 
[0005] That is, this sensing element 20 is equipped with the piezo- . 
electric ceramic plate 21 of a pair with which the dimension in 
alignment with a longitudinal direction became shorter though it is the 
above-mentioned sensing element 10 and this configuration, and it has 
the structure where fixed support only of the edge of one of these was 
carried out with the pinching components 14 of a pair. And each of the 
signal fetch electrode 11 formed on each piezo-electric ceramic plate 21 
in this sensing element 20 is connected to each of the external drawer 
electrodes 15 and 16 estranged and formed on the end face which becomes 
the same [ the pinching components 14 and case components ]. In addition, 
since the whole sensing element 20 structure does not differ from a 
sensing element 10 fundamentally, the same sign is given to the 
components which become the same mutually with drawing 3 in drawing 4 , 
and explanation here is omitted. 
[0006] 

[Problem (s) to be Solved by the Invention] by the way, in case the 
sensing element 10 made into doubly-supported beam structure is 
manufactured As drawing 5 shows, in the main front face, the electrode 
pattern (not shown) used as the signal fetch electrode 11 and a bipolar 
electrode 12 each The ceramic parent substrate 17 for piezo-electric 
ceramic plate 13 formed beforehand upwards, After preparing the parent 
substrate 18 for pinching components with which the concave of 
predetermined width of face was formed for every predetermined location 
by the side of an internal surface, respectively, the ceramic parent 
substrate 17 by which confrontation arrangement was carried out on both 
sides of the electrode pattern used as a bipolar electrode 12 — after 
insinuating each of the parent substrate 18 for pinching components from 
each outside and joining to one, it is common to cut these along with ' 
the predetermined cutting plane line S. 

[0007] And even if it faces manufacturing the sensing element 20 of 
cantilever structure, the same fabrication sequence as doubly-supported 
beam structure is followed, but in this case, as the imaginary line in 
drawing 5 shows, it is necessary to form beforehand the penetration slot 
22 made into the predetermined width of face for making the dimension of 



the piezo-electric ceramic plate 21 shorter than the piezo-electric 
ceramic plate 13 for every predetermined location of the ceramic parent 
substrate 23. Therefore, the great time and effort for preparing the 
ceramic parent substrate 23 with which the penetration slot 22 was 
formed specially will be taken. Moreover, this point was also for there 
to be also a possibility that considering as cantilever structure may 
become impossible, if the parent substrate 18 for pinching components to 
both ceramic parent substrate 23 and these in which the penetration slot 
22 was formed is not positioned correctly, and to take troublesome time 
and effort. 

[0008] When cantilever structure is adopted, as compared with the case 
of doubly-supported beam structure, will be inferior to shock resistance 
further again. It is natural and also sets that becoming -weak in 
reinforcement is not avoided to the sensing element 20 of cantilever 
structure. Each of the signal fetch electrode 11 concentrated on the end 
face which becomes the same [ the pinching components 14 and case 
components ], and was pulled out, and as a result of differing from the 
usual electronic parts, it had also produced un-arranging [ of having 
required circuit pattern modification by the side of the wiring 
substrate with which an acceleration sensor is mounted ]. 
[0009] This invention aims at these offers of the acceleration sensor 
which can realize large improvement in productive efficiency, taking an 
example inconvenient, being originated and attaining improvement and a 
miniaturization of detection sensitivity. 
[0010] 

[Means for Solving the Problem] Both the acceleration sensors concerning 
this invention are equipped with the piezo-electric ceramic plate of a 
pair on the front face of main with which the signal fetch electrode and 
the bipolar electrode were formed upwards, respectively after 
considering as the shape of a rectangle. And it is the thing which comes 
to carry out fixed support of the both-ends edge in alignment with the 
longitudinal direction of the sensing element which carried out 
confrontation junction of the bipolar electrodes on a these piezo- 
electricity ceramic plate, and was unified. While classifying into three 
parts classified according to the boundary line from which the stress 
generated with the longitudinal direction field of each piezo-electric 
ceramic plate to an operation of acceleration changes While the central 
part and each edge part are polarized according to the sense which 
becomes reverse mutually, meeting in the direction of board thickness, 
the sense of polarization in the central part and edge parts of a both 
piezo-electricity ceramic plate is changed mutually. 



[0011] 

[Example] Hereafter, the example of this invention is explained based on 
a drawing. 

[0012] The appearance perspective view and drawing 2 which take out and 
show only the sensing element used in case drawing 1 constitutes the 
acceleration sensor concerning this example are the explanatory view 
showing typically the deformation condition of the sensing element at 
the time of an operation of acceleration, and the sign 1 in these 
drawings is the sensing element made into doubly-supported beam 
structure. In addition, the same sign is given to the components which 
become the same mutually with drawing 3 and drawing 4 in these drawing 1 
and drawing 2 . Moreover, since the fabrication sequence of a sensing 
element 1 is the same as the sensing element 10 concerning the 
conventional example, explanation here is omitted. 

[0013] Both the sensing elements 1 concerning this example are equipped 
with the piezo-electric ceramic plate 4 of a pair on the front face of 
main with which thin film-like the signal fetch electrode 2 and a 
bipolar electrode 3 were formed upwards, respectively after considering 
as the shape of a rectangle. And the both piezo-electricity ceramic 
plate 4 is unified by carrying out confrontation junction of the bipolar 
electrode 3 comrades. Fixed support of the both-ends edge in alignment 
with the longitudinal direction of this sensing element 1 is carried out 
with the pinching components 14 of a pair which became side view "K0" 
typeface-like like the sensing element 10 of the doubly-supported beam 
structure in the conventional example, and the piezo-electric ceramic 
plate 4 which constitutes this sensing element 1 — each longitudinal 
direction field It is classified into three parts 4a and 4b classified 
according to the boundary line L (it mentions later) from which the 
stress generated with an operation of acceleration G changes. And 
polarization of it is carried out according to the sense (arrow heads A, 
B, and C and D show by a diagram) which becomes reverse mutually, each 
of the central partial 4a and edge partial 4b meeting in the direction 
of board thickness of each piezo-electric ceramic plate 4. 
[0014] Moreover, if the sense A and B of polarization and each of C and 
D in central partial 4a of the both piezo-electricity ceramic plate 4 
and edge partial 4b which are unified mutually and constitute a sensing 
element 1 at this time are **, it ****s them mutually, namely, central 
partial 4a of each piezo-electric ceramic plate 4 — while the sense A 
and C of polarization which boils, respectively and can be set is 
mutually made into the sense in **********, the sense B and D of 
polarization in both edge partial 4b is made into the outwardness which 



keeps away mutually, and the case components (not shown) with which each 
of the signal fetch electrode 2 formed on each piezo-electric ceramic 
plate 4 was attached in the pinching cpmponents 14 and these vertical 
locations — it connects to each mutually different each of the external 
drawer electrodes 15 and 16 formed for every end face. 
[0015] Here, the boundary line L L of stress change which classifies the 
longitudinal direction field of each piezo-electric ceramic plate 4 into 
three parts 4a and 4b, i.e., the boundary line of change by which the 
stress generated to each piezo-electric ceramic plate 4 with the 
operation of acceleration G is classified into "hauling" and 
"compression", is explained based on drawing 2 . 

[0016] First, if acceleration G acts to the whole acceleration sensor, 
to the pinching components 14 and case components which carry out fixed 
support of the sensing element 1, acceleration G will act directly and 
these pinching components 14 and case components tend to move along both 
the operation directions of acceleration G. However, since the direct 
acceleration G does not act to a sensing element 1 in this case, a 
sensing element 1 tends to continue maintaining the condition before 
acceleration G acts as it is, and the inertial force generated with the 
operation of acceleration G will act on this sensing element 1. then , 
edge partial 4b of each piezo-electric ceramic plate 4 which constitute 
a sensing element 1 — while each tend to move with the pinching 
components 14 which carry out fixed support of these — each central 
partial 4a — as a result of each remain at the beginning with a 
location , this sensing element 1 deform so that it may become the curve 
configuration (convex configuration upward in drawing ) where it bent 
toward the operation side of acceleration G . 

[0017] Therefore, as drawing 2 shows, while compressive stress Pc will 
appear in a tensile stress Pt and its edge partial 4b at central partial 
4a of the piezo-electric ceramic plate 4 located in the bending 
direction outside (drawing on), in compressive stress Pc and its edge 
partial 4b, a tensile stress Pt will appear at central partial 4a of the 
piezo-electric ceramic plate 4 located in the bending direction inside 
(drawing under). Namely, it sets to the sensing element 1 concerning 
this example. The stress which appears along the longitudinal direction 
field of each piezo-electric ceramic plate 4 from "hauling" to 
"compression" Moreover, after making the boundary which changes from 
"compression" to "hauling" into the boundary line L from which stress 
changes, each of central partial 4a of each piezo-electric ceramic plate 
4 classified according to these boundary lines L and edge partial 4b is 
polarized according to the sense A and B which becomes reverse mutually, 
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and C and D. In addition, this boundary line L can be got to know by the 
experiment using the finite element method which is one of for example, 
the numerical-analysis technique. 

[0018] Below, the actuation and the operation of a sensing element 1 
which were made into the above-mentioned structure are explained. 
[0019] When deformation as acceleration G acted to an acceleration 
sensor and shown by drawing 2 arises in a sensing element 1, In the 
outside main front face in central partial 4a of the piezo-electric 
ceramic plate 4 located in the bending direction outside of this sensing 
element 1, the charge of forward (+) is generated based on the relation 
between sense A of polarization, and a tensile stress Pt. Moreover, 
positive charge occurs from sense [ of polarization ] B, and the 
relation of compressive stress Pc also on the outside main front face in 
the edge partial 4b. then, central partial 4a of this piezo-electric 
ceramic plate 4 and edge partial 4b — while the positive charge 
generated on each outside main front face suits in slight strength 
mutually, it will be transmitted from the signal fetch electrode 2 to 
the external drawer electrode 15. Furthermore, in the outside main front 
face in central partial 4a of the piezo-electric ceramic plate 4 located 
inside [ bending direction ] a sensing element 1, the charge of negative 
(-) is generated from the relation between sense C of polarization, and 
compressive stress Pc at this time. Moreover, negative charge will occur 
from the relation between sense D of polarization, and a tensile stress 
Pt also on the outside main front face in the edge partial 4b, and these 
negative charge will be transmitted from the signal fetch electrode 2 to 
the external drawer electrode 16. 

[0020] Therefore, although this has both the same **** structure as the 
sensing element 10 which is the conventional example, as a result of the 
yield of the charge at the time of an operation of acceleration G 
increasing according to this sensing element 1, even if it performs that 
miniaturization, the fall of detection sensitivity will not take place, 
in addition, the piezo-electric ceramic plate 4 at the time of acting 
acceleration G — although forward [ different ] or the negative charge 
from each outside main front face has occurred in each inside main front 
face, these charges of each other will be negated through a bipolar 
electrode 3, and will not do any effect to the exterior, either. 
[0021] By the way, with each piezo-electric ceramic plate 13 which 
constitutes the sensing element 10 made into said conventional doubly- 
supported beam structure, since it was the same direction as the sense X 
and Y of the whole longitudinal direction field polarization showed by 
drawing 3 R> 3, un-arranging had arisen. That is, although not 



illustrated, when acceleration G acts, a stress condition as shown [ in 
/ as well as the case of this example / the piezo-electric ceramic plate 
13 which constitutes a sensing element 10 ] by drawing 2 will appear. 
However, since the sense X and Y of polarization in each piezo-electric 
ceramic plate 13 of this sensing element 10 is the same Negative charge 
will occur into an edge part when positive charge occurs into the 
central part of the piezo-electric ceramic plate 4 located in the 
bending direction outside of the sensing element 1 which deformed. 
Moreover, into an edge part when negative charge occurs into the central 
part of the piezo-electric ceramic plate 4 located in the bending 
direction inside, positive charge will occur, respectively. Therefore, 
detection sensitivity was to fall, as a result of the forward negative 
charge generated on the same main front face of each piezo-electric 
ceramic plate 13 denying mutually and suiting. 
[0022] 

[Effect of the Invention] As explained above, although this is doubly- 
supported beam structure, even if the yield of the charge at the time of 
an operation of acceleration will increase and it performs the 
miniaturization, according to the sensing element of the acceleration 
sensor concerning this invention, the fall of detection sensitivity will 
not take place. Therefore, after adopting the sensing element of 
cantilever structure, it is necessary to include in an acceleration 
sensor, and it can avoid various un-arranging [ which had been produced 
when the sensing element of a cantilever structure was adopted ]. 
Consequently, the effectiveness that the large improvement in productive 
efficiency is realizable is acquired, attaining improvement and a 
miniaturization of detection sensitivity. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the appearance perspective view showing the sensing 

element of the acceleration sensor concerning this example. 

[Drawing 2] It is the explanatory view showing typically the deformation 

condition of the sensing element at the time of an operation of 

acceleration. 

[Drawing 3] It is the appearance perspective view showing the sensing 
element of the doubly-supported beam structure concerning the 
conventional example. 

[Drawing 4] It is the appearance perspective view showing the sensing 
element of the cantilever structure concerning the conventional example. 
[Drawing 5] It is the decomposition perspective view showing the 
fabrication sequence of a sensing element. 
[Description of Notations] 

1 Sensing Element (Bimorph Mold Sensing Element) 

2 Signal Fetch Electrode 

3 Bipolar Electrode 

4 Piezo-electric Ceramic Plate 
4a Central part 

4b Edge part 
L Boundary line 
G Acceleration 
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[Drawing l] 




[Drawing 2] 



14 4b 3 1 4a Pt 4 2 4b Pc 

- ■ / / / / 



I 



©_ 



^1 



Hi 



i© 



>© 



-16 



15 | 

4b L 4a Pc K L 4b Pt 

[Drawing 3] 




4^-16 



[Drawing 4] 
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